The objective of this study was to identify maternal, obstetrical and reproductive factors associated with long-term changes in maternal weight after delivery. Materials & methods: Participants were enrolled in a longitudinal cohort study of maternal health 5-10 years after childbirth. Data were obtained from obstetrical records and a self-administered questionnaire. Weight at the time of first delivery (5-10 years prior) was obtained retrospectively and each woman's weight at the time of her first delivery was compared with her current weight. Results: Among 948 women, obesity was associated with race, parity, education, history of diabetes and history of cesarean at the time of first delivery. On average, the difference between weight at the time of first delivery and weight 5-10 years later was -11 kg (11 kg weight loss). In a multivariate model, black race and diabetes were associated with significantly less weight loss. Cesarean delivery, parity and breastfeeding were not associated with changes in maternal weight. Conclusion: Black women and those with a history of diabetes may be appropriate targets for interventions that promote a long-term healthy weight after childbirth.
delivery. The study methods have previously been reported [9] . Briefly, MOAD participants were recruited from the obstetrical population at a large community hospital in suburban Maryland (MD, USA). Women were enrolled in the study 5-10 years after their first delivery. Participants were recruited based on the mode of delivery of their first child (cesarean vs vaginal). The recruitment of women in the cesarean and vaginal birth groups was frequency matched to ensure that age at the time of first delivery and years since that delivery were similar between the two groups. Exclusion criteria (applied to the index birth) included: maternal age of <15 or >50 years, delivery at <37 weeks gestation, pla centa previa, multiple gestation, known fetal con genital anomaly, stillbirth, prior myo mectomy and abruption. Women who experienced these events during subsequent pregnancies were not excluded. This research was approved by the Institutional Review Board and all participants provided written informed consent.
At study enrollment, weight was measured by research staff on a balance scale. Height was also measured and BMI was calculated (weight/height 2 in kg/m 2 ). Due to the retro spective design of this analysis, weight and other characteristics assessed at the MOAD study enrollment are referred to as occurring at followup.
Maternal weight at the conclusion of the first pregnancy was obtained from each par ticipant's obstetrical chart. While maternal The health risks and economic costs of obe sity are a growing public health concern [1] . Currently, more than onethird of adults are obese (defined as BMI ≥30 kg/m 2 ) [2] . Among women, obesity is most prevalent among those older than 60 years of age [2] and in minorities [3] .
The high prevalence of obesity in women may be, in part, a function of pregnancy, as preg nancy is a time during which a woman's weight increases considerably. Childbirth is associated with weight increases beyond the term of the pregnancy [4] [5] [6] . However, the amount of weight retained after pregnancy is highly variable [7] . Most research examining the impact of preg nancy on postpartum weight has focused on changes in weight in the first year after child birth. Research on longterm postpartum weight retention is limited [8] .
We recently reported that obesity was signifi cantly more prevalent 5-10 years after cesarean than after vaginal birth [9] . This observation led us to question whether longterm changes in weight may differ by route of first delivery. The present study was, therefore, undertaken to investigate whether changes in weight after childbirth differs by route of delivery and to identify factors that influence longterm changes in weight after childbirth.
Materials & methods
This is an analysis of data from the MOAD study, a longitudinal cohort study of maternal health outcomes after cesarean versus vaginal weight at hospital admission is recorded by nursing staff, the value recorded is typically selfreported by the patient at the time of admis sion. Nevertheless, because obstetrical patients are weighed every week in the last month of pregnancy, the recorded weights are presumed to be timely and accurate.
A list of maternal characteristics hypothesized to be associated with longterm maternal weight change was identified a priori. The independent variable of primary interest was mode of deliv ery for each woman's first birth (e.g., cesarean vs vaginal birth). This, and all other obstetri cal variables, were abstracted from the hospital record by members of our research team who are also obstetricians. The obstetrical variables of interest included maternal age at first deliv ery, history of diabetes prior to the first delivery (including gestational diabetes) and the baby's birth weight (kg).
Data collected at enrollment included: self reported primary race (black race vs all other races), smoking history (current, former or never), educational attainment (less than col lege degree, college degree or graduate degree), parity and gravidity. In addition, for each deliv ery reported, the participant was asked whether she breastfed and if so, the duration of breast feeding for each delivery (months). The average number of months of lactation per delivery was calculated as the total months of breastfeeding divided by the number of deliveries for each participant.
The first outcome considered was obesity at followup, defined as a BMI >30 kg/m 2 . Demographic and obstetrical history character istics were summarized using median and inter quartile range (IQR) for continuous variables, and percentage and frequency for categorical variables. Differences between obese and non obese women were tested using Wilcoxon rank sum tests for continuous variables and c 2 tests of independence for categorical variables.
The relationship between each participant's weight at followup and her weight at first delivery (e.g., 5-10 years prior to enrollment) was explored graphically using scatter plot and leastsquares linear regression. For each partici pant, the difference between followup weight and weight at first delivery was calculated. Most women lost weight over the 5-10 years from their first delivery. Thus, most values for change in weight had negative values.
Univariate linear regression was used to iden tify factors associated with change in weight. The characteristics significantly associated with change in weight were further investigated in multivariate analysis. Where necessary, piece wise linear models were developed to address nonlinear relationships. Final multivariate lin ear regression models were determined using Akaike Information Criterion [10] . Because our primary goal for this analysis was to explore the possible effect of cesarean versus vaginal delivery on maternal weight change, a variable reflect ing the mode of first delivery was retained in all models.
All analysis was performed using SAS 9. 
Results
At the time of analysis, the MOAD study included 1011 participants. Of these, 52 women (5%) were excluded from the analysis because maternal weight at first delivery was not avail able. An additional 11 women were excluded as outliers because they either lost more than 40 kg (n = 8) or gained more than 20 kg (n = 3). Finally, 43 women who had delivered their last child within 12 months of enrollment were excluded. Thus, 905 women were included in this analysis. Among these women, median weight at follow up was 73 kg (IQR: 60-81) and 24% of partici pants were obese at followup. The median age at followup was 40 years (IQR: 36-43) and the median duration of time between first childbirth and followup was 7.4 years (IQR: 6.4-9.0).
Demographic and obstetrical history char acteristics of the 905 women, overall and by obesity status at followup, are shown in Table 1 . Obesity was strongly associated with a history of cesarean birth. Specifically, only 24% of obese women versus 48% of nonobese women delivered their first child vaginally (p < 0.001). Obesity at the time of study enrollment was also strongly associated with weight at the time of first deliv ery (p < 0.001). Other characteristics associated with obesity include black race, lower educational attainment, diabetes during the first pregnancy and lower parity. Obese women were less likely to have breastfed and reported fewer total months of breastfeeding. Finally, obese women were also slightly younger at the time of their first birth and the weight of their first baby was slightly higher.
The strong association between weight at first delivery and followup weight is illus trated in Figure 1 . Mean change in weight was 11.1 kg (11.1 kg weight loss). Due to the strong correlation (r 2 = 0.75) between weight at first delivery and followup weight, further analysis focused on factors influencing the difference between these two values.
Univariate linear regression was used to investigate characteristics associated with change in weight between first delivery and followup ( Table 2 ). Because greater weight loss is indicated by a more negative number, the nega tive coefficients in Table 2 indicate greater weight loss. Thus, factors significantly associated with greater weight loss include greater maternal weight at the time of first delivery, greater weight of the infant at first delivery, multiparity and greater educational attainment. In addition, an association between weight change and maternal age at first delivery was noted, but this associa tion was not linear: weight loss was least at the extremes of maternal age. Thus, the relationship between change in weight and maternal age at first delivery was modeled as two piecewise linear values: ≤30 years and >30 years of age. Black women experienced significantly less weight loss than women of other races. In addition, weight loss was attenuated with increasing time between first birth and study enrollment. This relation ship is shown graphically in Figure 2 . There was no significant association between change in weight and cesarean or vaginal birth (p = 0.20).
A post-hoc power analysis indicated that there was sufficient power to observe a difference in weight change of 1.6 kg between the cesarean and vaginal birth groups. These variables were candidates for the mul tivariate analysis and the most par simonious adjusted model is shown in Table 2 . Greater mater nal weight at the time of first delivery and greater weight of the neonate were both associated with greater weight loss between first delivery and fol lowup. Controlling for these factors, history of diabetes or gestational diabetes at the first deliv ery and black race were both associated with less weight loss over followup. Specifically, compared with nondiabetic women, women who were dia betic at the conclusion of the first pregnancy lost, on average, 3.53 kg less over followup. Average weight loss among black women was 3.26 kg less than that in nonblack women. Among women aged 30 years or younger at the time of first birth, older age at first birth was significantly associ ated with greater weight loss; conversely, among those over the age of 30 years, older age at first birth was associated with slightly less weight loss over followup. Finally, the time between first delivery and followup was inversely associated with change in weight. As noted, there was no significant association between change in weight and cesarean or vaginal birth.
Discussion
The primary objective of this study was to investigate whether the very strong association observed between cesarean and obesity later in life could be attributed to route of delivery (e.g., whether that association was independent of the possible difference between women who deliver by cesarean). Although women who delivered by cesarean were more likely to be obese 5-10 years from delivery, this association was not significant after accounting for other differences, most nota bly weight at the time of first childbirth. Obesity during pregnancy is known to be associated with cesarean birth [11] and our results suggest that mode of delivery has no effect on longterm changes in maternal weight. Maternal weight at the time of a first delivery is a strong predictor of weight 5-10 years later and the longterm weight trajectory is similar for women who deliver by cesarean and vaginal birth.
An important finding from this research is the substantial impact of race on changes in maternal weight. This finding is consistent with prior research, but extends such research by controlling for the confounding effects of diabetes, maternal weight during pregnancy, breastfeeding practices and maternal education [4, 6, [12] [13] [14] . Furthermore, prior studies of race and weight retention have been limited by the use of selfreported, retrospectively recalled weights, limited followup time, or other population constraints [12] [13] [14] . For example, a 10year pro spective cohort study found that black women had a much greater chance of becoming over weight after childbirth, but utilized retrospec tively recalled pregravid weights [15] . Findings by Gunderson and colleagues suggested that the increased odds of becoming overweight for black mothers was explained by differences in parity and pregravid obesity [5] . However, these findings suggest that racial differences persist after adjust ment. Gunderson has suggested that weight gain among black women may reflect differences in social, cultural and behavioral factors. Given the high prevalence of obesity in black women, it is important to better understand the causes that may contribute to greater postpartum weight in this population [1, 3] .
Another striking finding from the present study was the impact of diabetes. After control ling for maternal weight at first delivery and the weight of the neonate, the participants with gestational diabetes or pregestational diabetes retained significantly more weight than those who were not exposed to diabetes before deliv ery. This effect persisted after controlling for the confounding effect of weight at the time of delivery. Unfortunately, we did not have a suf ficient sample to investigate possible differences between gestational and pregestational diabetes on longterm weight change. The extra weight retained by mothers with a history of gestational diabetes may indicate continued insulin resis tance, which may exacerbate the risk for Type 2 diabetes if not controlled [16] .
In this cohort, additional deliveries (after the first) contributed marginally to longterm mater nal weight. Specifically, multiparous women lost more weight than primiparous women (although this association was marginally significant in a multivariate model). Prior studies have demon strated inconsistent results regarding the impact of multiparity on maternal weight, with some suggesting no association between parity and weight [4, 5, 17] and others suggesting an associa tion between increasing maternal weight with additional pregnancies [18, 19] .
No association between breastfeeding and changes in maternal weight was found. This is somewhat surprising because breastfeeding has been associated with shortterm weight loss after childbirth [20] . In fact, women are often advised to breastfeed as a strategy to promote weight loss after delivery. However, the literature is con flicting and inconsistent regarding the benefits of breastfeeding on longterm maternal weight [15, 16, 21, 22] . Some research has suggested that the recommended dietary caloric allowance for lac tating women is too high and that greater caloric intake coupled with a more sedentary lifestyle may explain why weight loss with lactation is highly variable [4] .
The finding in this study that weight increases with length of followup supports current litera ture [17] . However, this association is unlikely related to childbirth, since weight tends to increase with age [17] .
While this study had a strong focus on repro ductive factors, it was limited by data regarding lifestyle, including exercise and dietary practices, which could have important influence on weight. Also, an inherent limitation of this study is the lack of data regarding prepregnancy weight and gestational weight gain. Many prior studies of longterm changes in weight after pregnancy have focused on the impact of gestational weight gain, but the impact of gestational weight gain in this population cannot be commented on [15] [16] [17] [18] 21] . In addition, the impact of unmeasured differences between women who delivered vagi nally and those who delivered by cesarean cannot be excluded. Last, a limitation of this research is that the population in this study was highly educated and was somewhat older at first deliv ery than would be typical for US women. These characteristics may limit the generalizability of the results, especially with respect to teenage mothers and less affluent populations.
A strength of this study is the relatively large population size. With a sample size of almost 1000 women, this cohort facilitated an examina tion of a variety of potential risk factors related to longterm weight. Also, the focus on reproduc tive factors allowed for an assessment of parity, breastfeeding and mode of delivery while con trolling for obesity at delivery. Another strength of this analysis is that maternal weight at first delivery was recorded prospectively and is, there fore, not subject to potential recall bias. Also, the use of obstetrical records for reproductive data (including baby birth weights) is more likely to provide valid exposure data than maternal recall.
Conclusion
This study provided a unique opportunity to examine longterm changes in maternal weight 5-10 years after pregnancy. The findings of this research have important implications for the clinical care of obstetrical patients. Specifically, our results suggest that efforts to prevent obesity should be targeted at black women and women with diabetes. Women with these characteris tics may be appropriate targets for educational, behavioral and nutritional interventions that pro mote the return to a longterm healthy weight after pregnancy.
Future perspective
With increasing obesity worldwide, efforts to help adults maintain a healthy weight become more critical. Given the limited effectiveness of most weightloss interventions, prevention of obesity is critical. Our research suggests that black women and women with gestational diabe tes may be ideal populations to target for obesity prevention trials.
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Executive summary
• Maternal weight at the time of first delivery is a strong predictor of weight 5-10 years later, with an average change in weight of -11 kg. • Over 5-10 years from the time of first delivery, black women and women with diabetes lost less weight compared with women without these characteristics. • After a first delivery, long-term changes in maternal weight were not influenced by cesarean versus vaginal birth (although women who deliver by cesarean are more likely to be heavier at the time of birth and 5-10 years later). Breastfeeding did not influence long-term change in maternal weight.
